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(54) ETCHING DEVICE BY PLASMA 

(57)Abstract: 

PURPOSE: To suppress the deposition of gaseous molecules 
on the surface subjected to etching and to increase 
anisotropic etching by providing the electron emitting part in 



a chamber with a reflector and regulating the electron 
current value flown therethrough to the minimum. 
CONSTITUTION: Electrons (e) emitted from an electron 
emitting hole 75a of the electron emitting part 7 provided in 
an etching chamber 1 are reflected on an electron reflector 8 
set in the chamber 1 to increase their running distance in the 
chamber. Therefore, the probability of their collision with the 
molecules of a gas introduced from a gas introducing part 6 
for etching increases. Thus, etching capable of sufficiently 
generating ions even at a gaseous density lower than that in 




the case where outer electrons are not introduced, i.e., in an 
environment of a higher vacuum is smoothly executed. 
Furthermore, at the time of regulating the electron current 
density flown between the electron emitting part 7 and 
reflector 8 to the minimum, the diffusion of the electron 
beams from the electron emitting part 7 is suppressed, and 
good anisotropic etching can be executed. 
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m^mmx^^>^v\zv. 2t>\zmm&&mmm\~ffin 

z> \ztbm&mTmmmz&ttzmmmti&mm-rz>^®L 
*mtt7?xv\z±z>3Ly*>t/$tm* 

[»*B 3 ] MtTtBiftf 3 AGUiOflNMMBb 
nt v^»*« l xtt 2 El^^^Xv ir i *x v 

[0 0 0 1] 
[0 0 0 2] 

^7Xvia$x^f>^g@n H5 

Lfc¥fr¥ffi^ffi9 2, 9 3<D— ^TlCRFttH (13. 
5 6 MHz) 9 4t;:Tfi&J^8c^sH£BitflJU -£-nfc<fco 



2) !&i¥5-2 7 9 87 7 

2 

[0 0 0 3] 

S^X^5 1 >^^ii55e)afcJ5^SS^<D^<Dfe 
[0 0 0 4] #X«U«£«tt«*1i-«fc. #X 

*T (7>*#r<7)»X ty^> ?4fc^® A# X&Tft Fo 

[0 0 0 5] Fo =n • c/4 
c : ¥*&H4t« 
^ c= (8 kT/Ttm) 1/2 

n : #X&& 

n=9. 6X10 18 XP/T (Prtorr, 
T :• K) 

mZ-ttTJV^yft^Z&^TtEJll 0 Ommt orrt? 
M3 0 0 4 K©in, #X^>^4^CDS&A#^gC 

[0 0 06] Fo =3 X 1 0 19 n/cm a sec 

I»^7XvMil0 10 n/cm 3 i*feSn 
50 TVi^o 1 0 0 mm t o r r t O^fX^Stt 3 X 1 
0 lfi n/cra s Tft«3^6« 1 0"" 

ttoT\ ^X-/^>y^O-r^>CO^ASF 

[0 0 0 7] Ft =m • v/4 

ni :<13r>&& 

v : ;UTxmi£\zJ:r)-(*>i)mxy?>>tfmzm 

a*«x v t >#mz®mrz ^torr « £ » 

Fj =lX10 1, n/cm J sec <h&£. 
40 [0 0 0 8] O^D^AiH^O*S(^LT2ffi^e>3 
ffi IB ^ W * > ^ J; V x * > 9 ffifr t>nx v> 5 £ t Ic 

c<Dfc«6x^^>^x«i&as^<*r^ssK 
^T-c^x-z^^^^^^n^tD-cfe^c #tC, -f 

[0009] P (X) =exp (-X/A) 

so *ffit®£3. 7A, tas^2 oict-rat. 
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A = 0. 0 0 5/P (cm) 
[0 0 10] 

JB6* (mm t o r r ) fll* 

10 0 0 

10 0.14 

1 0. 7 2 

0. 1 0. 9 8 10 

z. cd ii tavs < -rnfctr s & z *> 

[0 0 11] Mftl 0—10 Ommt o r r OffiBTX 

z.<ofttb, xy^>^<0g;#teatiKfr£co-c& 
5. *ZX*&W\*. ^St^TT<0P3»^x^^>^ 
pJIg^UT, ficX^^>^»^M-\O^X^(D^^ 

[0012] 

frT^KWft&mte* xy7>*fm%x<nmmte. mm 
&T^ummfcnm\z&zrzVT\tt+ftT*$>z>&. n 

si, ^&Qm&m^wmxh*y3 L >?\z&nte7 

[ooi3] ^rc, ^7Xt^s$^7Xvs«sst 
&-\z&v>z>rct?>\z\*. 7?x-?mi&*\zn¥&2i-\z 
ftttrz#m^tewn\*te*>te^&* z.n\zn, 
<Dm^fom&&xy^>?r*>;vztmv, &m?n 
mmzttfa^zEimmmKmtiz&Tmffim&mv < , 
t» * £ wvhs < -r * t £ *> ^--v >;m \zmnz>m 

ft. 

[0014] ^m\^±^mz&^. 3-yT'>v 
mx*\zn$mwim&zwmvT&xx&77Xv{tL, 

3 \z&&m<nm?tkM&*ttWL?z> £ ±*>\z&T* >/t 

mmni£*wm?zKttnmz&&xi*z&5\z\s. $ 
z\z$im&&&f&m\zmnzm.?mmfe&ika\-rz3i 



a, tagBx-/^>^v>/tMJcssnsm^ii^ffl^ 

S/MtU (^b<T£*fc>*vh£<U) > ££lci!tf!2x 

y7>#r*>/m\zffi>n2>m^m>m*m'Nz cc^ 

5X^\z£zx*y^>?&w&m&-rz>*<Dx&z» 
[0 0 15] ^sy7X7i:<t5x^f>^gai: 

m^&^y*>?^*>/m\Zffi&hT\,>ZZ.£&7ikV 

[oo i 6] itria^^tfi^cDSchUT^ x^>^ 
^\ >/m<D77X^mmz&tf%ni L <Di£ftmm&& 

ttWrrzzLh&^jLztiz. «H2^v>a*^x-/^>^ 

<ft^J; 5 t&H^mffi*, xyf>^x 

[0017] mi2^ftmaB^«a^co^-i'^<o'bcD$: 

m¥\z£2>mm$bm<Dfa±zm6?z>o 
i. y^xvssa^^ceiT^s, 

[0 0 18] 

ni =r» -no - a (Ee) • v e • m 
no : 
ne : 
v« : 

Ti =2. 6 3- (Ti /T. ) *'* • V/S • Vi 
[0 0 19] ^\ MB, fiSKD^Xvi^©® 
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(4) 

5 

V/S = 0. 5 • B (B/L+l) 

a (Ee) :m^X*;^Etr*5^^^»rMffl 

o o e vv>zi*)\,*<Dh%m*Lm&ZLK>. -e 

[0 0 2 0] a (Ee) =3X10" 16 cm* 

2. tf$sn, tm^si^v, ^>^mToftmms6 

Je =e • Ve "He /4 (e ! ^^f) 10 

1 0 0 V©Sttra«3ET0. 2 cm<Z>^*>:/£ML'T3l 

[0 0 2 1] Je =6 0mA/ cm 2 
ve • n e =4 • J e /e 
Ve • n« =1. 5X10 18 l/cm 2 sec 

3. )k\z4*>m^&&m*wm't&o 

[0 0 2 2] y7X^^¥i$15cm, a> 
5cmtn. 5 0 0° KCO<h£, -f:*>CD¥i§ 

vi =5X1 0 4 cm/sec 

Ti =leV > Te =10eVt^lfc fl 
[0 0 2 3] ri =5 X 1 O" 4 s e c 

ni : 0. 2 3 • iu 

«K»*«:2 Q%*mttZh\ZUZ>. 30 
5. ^(D^tft HC-i-^V^^^^^tCfiV^X 

[0 0 2 4] 0-*C0effiT 

ni =10- 4 'n, 10 1J n/cm J <D??X 

Vf&*ft»*&*fc:i 0 l5 n/cm s <D#X^£)to&Ig 
Tfeofeo ^nii3 0mmtorrl:«^ — 

m =10" l «n, £LT*>, ^DZ^X^gS:^* 
fc&tC, lO^n/cm* OjffXgSTi^C 40 
5. rtxttO. 0 03mmtorrl:liat^ 
[0 0 2 5] ZOZLtfr Z&ftW&mz&Z B5V>iI 

TSo 3 Ommt o r r0tf (O»Xy^>^0iJj 

[0 0 2 6] F 0 =9X10 ll n/cm J sec 
— A\ 0. 0 0 3mmtor rC^ffiA^SFo 
te4ffx&TLT#<Dte£fcO. 50 




1$i¥5-2 7 9 8 7 7 

6 

Fo =9xi0 14 n/cm 2 sec 

v ^ >?®^<D-t * >mxm F . tt % 

Fi =lxl0 16 n/cm 2 secTW^, if^ 

T=Fi /Fo =3X10- 8 ^5^U *§g^<D 
r = l 0^5, 

[0 0 2 7] Z<DZL\*. ^&&tSiXX<Dmmzlt'<X 
ITV^. Sot, y7XVy-X^^5!tffl$nW 

[0028] ELMmmzmK&Mm^vtm-ez: 
z>ELMmm\zmmmnz>a z<Dmmm\z^xm^m 

v\z <m**m$iv\,» fcmmm&mmm&mm-zw 

ttfift & £ £ 5 KSS^ffiO^ff <g £ <D 

[0029] znzmmmmx^^^T )ix*>^F*imx 

[0 0 3 0] 

>^k*3^t, x^^>y^v>nfw#as:b^«^a:m 
[0031] &K$mm\zmnz>m?mmm&zf 
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$$&i¥5-2 7 9 8 7 7 



8 



z>\z. &&Mmm\zm&2tirc&9tmmmf£*ffite? 
zn\z&r>^v^rtte77x*?mm*<DW t T<oft 
mmwz—< fbstu 75X^m&&mz&ttz>7 : 7 

[oo3 2] a±\z^x. sx>^>y«in wm\z 
s#tt&<x^>^$n*. a^^^x-nc^sx 

mmT&ftmzftftTzK^mz&mftmtvrzti* 
\zmEt#&mzmnz&?mmm£<Dm&m'Mz-?2>& 

*ffi?Lz>t&\*. zo^mz^zm^mm&mmmticD 

sn, &&mm\z&zA&m=i L <DKm&--mi&mtts; 

[0 0 3 3] ^m^nmm^. *vr>ymxx<Dmm 

*'bmm*m&xmr*>rt\z&igr?z>£.%\z. atrial 

[0 0 3 4] 

[^M^J] BIT. *^0Jo^iS0ll^0®&#BSUTSiig 
T£o mtt— *«OT?**:^X^fc«fc*x^>y 



[0 0 3 5] CO|jMttH«»©X^>^*>m 
£fit*_T:fcrK K^^>mrtlC«^ff¥««S2, 3 

ft, «X-/^>^T^^S«AC0^at^yS:^S 

iS^ftmgT&tK emtcttiif^&tii! (RFHasi 

3. 56Hz)) 4£&SlbT&£„ 
[0 0 3 6] ft>All:lt ^-o^^xs^l^r 

> yja # a 0>*as& 6 t>;n rtEE^ £&aiT£ 

fctt^X««H»8SMo £&jggLT&£« 3 Ski, 
>n 1 CD«(S9M 1 WtDJtffifc 12 0 SffliT£^©^ 

ftajgP7$@«uT*^ 

[0 0 3 7] 7 te^-««<Z> fctfrcfc D , * 

Q=C • (Pi - P 2 ) =P 2 

Pi =10-»torr 



**«ITttVF1M' hp>#s© (ECR) £fU/BLT 

7 i \zm^nrzy>^7 2^Ma57 3-?ha/c:/ 

^DffiKli^ifctftfU 5 a^tSffiS7 5 £§S:#T& 
ft^ftiitfU 5 att^WtJMSattfftfttl 1 
10 ©m^AS«l (Sf^lWU) 1 1 alc^WS. 

[0 0 3 8] T>^7 2«^jS*ttfi:»ftX^>l/X 

(2. 54GHz) 7 7^«bT*^ m^4fcfflS87 

\z\$mTmmismm7 s <Dv^j-xMi>mmztu &m 
uv-/? xffl«^t >a i <»nmm 1 1 ic&^nr 

V>* 0 *KLT, m^A&tfL (m^lfflbft) Hal: 

iEomjEE^wjoT^So *m»7 8 t«^»a«B7 t<Z> 

. (Ii , it Xttii ) £*fcffl-T £fetfJ8§ 7 8a&8 

[0039] ^m&mm^h&^vum^x.***-- 
s. ) fr*>m^&m&M-rj:5\zL,T&z>o &tt* ^ 

X^±«^7 4jr«^X^i:ft^>^XCD*AgP7 4 

30 [0 0 4 0] ft >A 1 W(DXy f 7 
5 ©f^Jfctftfl 7 5 a jfr Zm^AmiL 11a tc£U&SP# 

^ut, ^»msBa57^A^n^jgiio^x wx& 

^.«mFS2?L 7 5 a, 1 1 a#t£cfcfl!rS0. 4cm?l£ 

u 2^com®7 5, 1 iKiDm^si^msn*^ 

[0 0 4 1] con=l. 3Uyh^/sec 
4» MtU7-f X«m^J»Ct?ft^ 0 TV^ (^£0. 2c 
m) ^3>^^>Xtt^t^0T$ji) 6 
C = 0. 65U^MU/sec 

mTftmgS7rto5y^xv^E£^Pi T^^n^t 

^co<k "5 ft§8«iC^ o it^. 
[0 04 2] 



5» 



S (Q 

S = 10 0UyhVs ec 
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9 

[0 0 4 33 P* =7xlO- 5 torr 

t+#\z&\,>ft®. jLyr>>f\~&m\* 
x. i 2 o arra^T^fffH^^m^sitmffi 8 *eb u 

T&S„ #mffi8«^^>AlOR1S+^«l^^t-r 

SSJM8 i£*rbT^*o SI#mffi8co^:€r^«, 
«t«Hlc^ir >/t 1 ft^ZMtStiZUmzMfRlsnx^ 

v>s, #m«8«^^ s^-r^^arfepjig^^nT^ 
^saB8fc«cnjcggnsm^*«Efflii di , 

[0 0 4 4] «±K^b^etta3(D^«I^D^^lB| 

mzTK-t zi > b n — 3 I0[;i0 ^■fhPamren 
Jj*m^vtz\,^>*-7^xm?&&ftvxft5&5 

[0 0 4 5] JEE^ttW8gPTTttm^n^^^>A*lF*5 

£t^> fttftfi&msi 2x&mznz>r*>/m\z&tt 
zm^mmm it > &fi«s«tiftm«g7 s aT&msns 

is > , ^m^fit^mss oT^m^tis^m^Ki^ 

«8fc*l**S^««EffiIi ( Ii , It Xttl.) 

tev>m%>3>hn— o\zx?i2nz>&v\zu*DX 
[0 0 4 6] iS^&«ag4co^>-^yffl^ iff 

#x£$Ars^«iaft«&Mo atutftmu sm^am 

ffi»7^^-6«T5iaL«B7 8<0«BEt»£, Mff 

ttttfli 8 ssitmsi 8 2 K»*rr*a\ 
tn^3>hn-7i o*6©*g^ica^Tm>ns 

[0 0 4 7] a±»?8Ufcxy^>y*«lrJ:St, 03 
cD*0#R^tt^XOy^Xv{C<fc0Xy^>^$tl^ 

^X®*^^V>mrtJCX^5 1 >^fflOS^^X^ 



(6) #i¥5-2 7 98 7 7 

So 

[0 0 4 8] #«f«ffl»7©^7XT4lSt7 
4fc*>, »X»A»7 4 1 C«»KtMfWM. \Z& 

Ttt«-Slt«iS8tt^^nT^So #V>T, ft*?* 
ffl«7te^^T^>f *Di£@8i7 7i:t7>rt7 2 tC 
T^^nMi^ttfel:, *?9lffiLSiH7 8<D 
nm&ffife<D*><D\Z®feVX, cnfc^DWPSIttiLHFL 
1 1 a\ZJEm&&$l1Sa-rZ>o ?Z>L* 7><T±7 2*6 
10 <DV^^aJSKtt«irj;D« J PStmBS7rt(r^Xv*^ 

8 o fcrssiteffi s icssnss^m^te i . ( 
ms7 8 aKn:»« : fttBi«7^5ttfflsn5«f«a 

[0 0 4 9] ZKZMWSfitli ^ i i t(0^£ = ii - I 

n, ^M/hMtcfRj^ia^^nso ^satmssfc 
>hn-7 1 o<D«^(D'btic, #«ffi8£«Ensm^ 

Wftitli ( Ii » I 2 • I 3 ) **«L<* T^Sfcl 

^ ^*>/ts&sm«*?*Kttif 

[0 0 5 0] utlCioTft >/t 1 ft©^7XT«« 

SSn-H • 7>n-Ffi*S»xy^>^£«A£B 
mtM3±t:HU 3B«*«»4**>UTX^^ 

[0 0 5 1] ^C0Xy^>^ ^^>/\*irt^«#a 

^ftffi2B7*e>ff?e£Afrrs. iicDia^A^^n 

E«*nfc£«««8l;:R»ffl«®8 2*6fto«£«t 

«ijd$ nra^a 8 nmrf e o^x*m-j; o <*: o 

<DSItm@8JC@f^UTMIt$tl, 0 2l:7^>aT^ 

So 

[0 0 5 2] £ C0£ 5 -V 1 rt^tf>ft^ b CO^ 
50 X«fi*«^«-&T*>, »X«flE3WBVi»&tWi;-f* 



—506— 



(7) 



5-279877 



11 



12 



[0 0 5 3]#;K:> 3>K0-7l 0(DKif££^<Dt£i8 
fc^TB4©:7n^*-h£#BlxTlftET*. :/n£f 

>^/a # xossA£&8a&-r* £ t *>\z&mi'ftm& 7 k 

*5tf£#X£AIS7 4 1*6^X74««7 4 ^09 A 
[0 0 5 43 Xt^^S 3\Z&\,*T$xmA&6\Z&tt 

^mmm^uo ttwrnr* 1 1 *> fc#«Tftm« 7 <z> 

#X*Affi7 4 1 fc*5#*«S«HW«Mi fcT^XT 
^«^7 4^cr>^A$ga ; £^UdSA$"&^o 7s*rv? 
S4-CJBE*ttffi»PTfc<fcO^V >/UAJKffiftPT & ^ 

^>yjt««Pi setlCllMMWmo 

o ftHlbftdt. TYESJ XT7^S6 
T^m^SScai® 7 K*frft7>f ^n«mi®7 7 

[0 0 5 5] ^CXf7 8 T&m^ftHiSB 7 fcJ*|Rj 

5. Xf^^S10^n^<Og£ = i« -It 
WTSo TNOJ <B£*WU Xfy^Sl 2 

sj x5=-y:/s 1 3 (at*. &st*mffi8£ 

2 fc«RUT*>U Xf^ys 1 

8 K^ttsssKii mweu xr^ysi 

TNOj <Z)«!:tttXT^7 f S 1 4l£HoT* KJftiMtT 

[0 0 5 6] T^T TYESJ <Dt%\*, Xr^^S 1 
7 T#£»«««S£ffi5KJtttU Xry^S 1 8T 

Oj O^l*!*, X-Sry^S 1 9-C£R»«B0>«EE£SI 
IU^U #fciS:J*t-&. TYESJ 0>£dKI« 
•^S2 0Tft>A , ii:^Wt«Ii X 
fy^S2 in?«nMK9^S^«HKU. TNOj <D 



*U •fciEWW'*. TYESJ CD<h^fct> X^y^S 

[0 0 5 7] *WXry^S 2 4T^^>/trtii5^ 
«*3±fc**AfcKKU X^y^S 2 5TRX«£ 

[0 0 5 8] 

[^^©^m] H±BHI!b&J:5te, *5MBlcJ:*fc, 
5 1 >yS:S5ae)^c:t^T^^^ , ^Xv{c t fc^x-/^>y 

ftteKKJtmatcwx^w^jHtMtatosita^fc^s 

n> Eit««K<t^Ai«i^<z)Si*^-s«*a:^o, 
BMmihatL 

[0 0 5 9] &m^»miB^> Xy^^JBtfX 

^>^ffl^X<0«^»ffll8rt^coSA*KrjI:T€?S, 

[0 3] ^B<Z)»^fil»Sff9Iel»<0«i5^Dy^B-e 
[04] 0 3K^Tii>ho-^CD^co«|IS^-r7 

[0 5] ^^CO»tM0T^^. 

[«F^©SiW] 

I Xy^^YVA* 

1W ^irWtlCDMBB 

I I mmm 

1 1 a «mi icmkpxibl ra^iawu 

1 2 ^^^^^^smTm^^ms 

2 
3 
4 
5 

6 Xy^>y»*fX«Att 
Mo fltifiSlWSP 
RT ^Y>/tlrtff**ffl« 

P XyX^r 

7 

7 1 mm.&mz 
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(8) 



ftm^tS- 2 7 9 8 7 7 



7 2 T>T"^- 
7 3 frfiMG 
7 4 ^7XTi«l 
7 4 1 #*«A6B 
Mi dSfiMHSft 

75 n^nmmt 

7 5a mrF&ltill 
7 7 T'f ^ DS«21 

7 8 m^mvmm 



13 



14 



78 a m^5ltHU«Sii»ai38 

8 Ecmmm 

8 0 Sffi8ICfelt*^liJg(D«iffig 
8 1 mM8<DW® 

8 2 saras 

82 a <ZHfc*5SB 
e 

10 a>hn-7 



[gill] 




r 



rf\rj T&77 




[03] 



Hftfctiili l 2 

&88U*iU&7 8 a 





—5 


Ih 






— * 


i i 








I i 


— * 




> *«?3lttiUW7 8 

* &jS5£M$iJ^SPM i 

> &K*rai£8 2 

* 8 2 a 
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[04] 



c 



3 



s i 

S 2 



S13 

S14 
S15 




e = \i — I i 



YES 








YES 


S23 










S24 
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S25 
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